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([SHULPHQWDO5HVXOWV
7KH H[SHULPHQWDO LQYHVWLJDWLRQV DUH SHUIRUPHG ZLWK D VLQJOHPRGH ILEHU ODVHU IURP 63, FRPELQHG ZLWK D
6&$1/$%VFDQQLQJXQLW7KHV\VWHPSURYLGHVDPD[LPXPSRZHURI:XVLQJDZDYHOHQJWKRIQP:LWK
YDULRXVIRFDOOHQJWKVRIFROOLPDWLRQPPDQGPPDQGIRFDOOHQJWKVRI)7KHWDPPDQGPPZH
FDQDFKLHYHIRXUVSRWVL]HVPPPP$VPDWHULDOVWDLQOHVVVWHHOKDVEHHQFKRVHQ
+LJKVSHHG YLGHRJUDSK\ LV D FRPPRQZD\ WR REVHUYH WKHPHOW SRRO JHRPHWU\ WKH G\QDPLFV DQG WKH GHIHFWV
7KHUHIRUHWKH)DVWFDP6$IURP3KRWURQ/WGLVXWLOL]HGZLWKD[]RRPOHQV$QRWKHUGLDJQRVWLFPHWKRGLVWKH
SUHSDUDWLRQRIPLFURFURVVVHFWLRQ&RPELQLQJERWKPHWKRGVZHDUHDEOHWRDQDO\]HWKHPHOWSRROG\QDPLFVDVZHOO
DVWKHIRUPHGURRWFRQFDYLW\JURRYHVDQGRWKHULQVWDELOLWLHV7RFKDUDFWHUL]HWKHKXPSLQJSKHQRPHQRQWKHZDYLQHVV
RI WKHZHOGVHDPVXUIDFHDQGWKHKXPSEHDGLVGHWHUPLQHG0HOWSRROG\QDPLFVDQGZHOGVHDPFKDUDFWHULVWLFV LQ
PLFURZHOGLQJ
7KH IROORZLQJ VHFWLRQ SUHVHQWV VHTXHQFHV RI KLJKVSHHG LPDJHVZLWK WKH VXEVHTXHQWPLFUR FURVVVHFWLRQ 7KH
IRFXVGLDPHWHUdfPDQGWKHODVHUSRZHUP:DUHNHSWFRQVWDQWDQGRQO\WKHIHHGLQJUDWHLVLQFUHDVHGWR
YLVXDOL]HDFKDQJHRYHURIWKHPHOWSRROG\QDPLFV7KHIHHGLQJUDWHYDULHVEHWZHHQPPVDQGPPVDWD
FRQVWDQWPDWHULDOWKLFNQHVVsRIP7KHGLVSOD\HGVFDOHLQERWKSLFWXUHVLVP
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)LJ+LJKVSHHGLPDJHVDQGFURVVVHFWLRQVRIGLIIHUHQWUHJLPHVDWDFRQVWDQWIRFDOGLDPHWHUPDQGDFRQVWDQWSRZHUOHYHO:
DGHHSSHQHWUDWLRQZHOGLQJDWvf PPVESUHKXPSLQJUHJLPHDWvf  PPVFKXPSLQJDWvf PPV

NH\KROH
D
HORQJDWHGNH\KROH
PHOWZDYH ZDY\VWUXFWXUH
E
WLOWHGIURQW
XQGHUILOO
VROLGLILHGKXPS
JURZLQJKXPS
JURRYH
F
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$WD ORZIHHGUDWHRIPPV )LJXUHD WKHZHOG IRUPDWLRQ LV WKHUPDOO\GHWHUPLQHGDQGVKRZVDQHDUO\
FLUFXODUNH\KROH VKDSH LQFRPELQDWLRQZLWKD FRPSDUDWLYHO\ ODUJHPHOWSRRO7KHDEVRUSWLRQRI WKH ODVHUEHDP LV
YLVXDOL]HGE\WKHOXPLQRVLW\RIWKHNH\KROH7KHIOXLGG\QDPLFVDUHVPRRWKLQFRPSDULVRQWRWKHIROORZLQJUHJLPHV
,QFUHDVLQJWKHIHHGUDWHWRPPVWKHVROLGLILHGZHOGVHDPVWDUWVWRLQGLFDWHDZDY\ZHOGVXUIDFHZKLFKLVWKH
EHJLQQLQJRIWKHSUHKXPSLQJUHJLPH)LJXUHE7KHLPSDFWRIWKHYDSRUSUHVVXUHRQWKHUHDUZDOOFDXVHVWKH
NH\KROHWREHFRPHHORQJDWHGZLWKDIRUPLQJPHOWZDYHDWWKHHQG
$WDFHUWDLQSRLQWWKHHORQJDWHGNH\KROHZLWKWKHWLOWHGIURQWDSSHDUVQRORQJHUDVWKHDFWXDOFODVVLFEHDPWUDS
%HKLQGWKHNH\KROHIURQWDQXQGHUILOOLVORFDOL]HGZKLFKLQGLFDWHVWKDWWKHYHORFLW\RIWKHPHOGVWUHDPFRQVLGHUDEO\
H[FHHGVWKHIHHGLQJUDWH%HFN$WWKHUHDUHQGRIWKHXQGHUILOOWKHPHOWIORZHPHUJHVIURPWKHPLGGOHRI
WKHVHDP7KHZHOGVXUIDFHLQ)LJXUHFGLVSOD\VWKHW\SLFDOIRUPDWLRQRIDGURSOHWDVRFDOOHGKXPS7KHUHIRUH
DQLPSRUWDQWGULYLQJIRUFHLVWKHXSVWUHDPDWWKHHQGRIWKHPHOWSRRO&DXVHGE\DJURZLQJIHHGUDWHWKHWRWDOOHQJWK
EHFRPHVORQJHUWKDQWKHLPDJHVHFWLRQ$IXUWKHULQFUHDVHRIWKHIHHGUDWHJHQHUDWHVRWKHUZHOGLPSHUIHFWLRQVVXFK
DVKROHVDQGVSODWWHUV
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)LJ5RRWUHLQIRUFHPHQWIRUDOOKXPSLQJVSHFLPHQDQGIXOOSHQHWUDWLRQZHOGV:DQG:
'XULQJWKHKXPSLQJWKHKROORZURRWFRQFDYLW\)LJXUHDUHDFKHVDPD[LPXPYDOXHRIDERXWP)LJXUH
ZKLFKOHYHOVRXWXSWRPPV7KLVSKHQRPHQRQDOVRDSSHDUVXVLQJWKHRWKHUVSRWVL]HVH[FHSWIRUWKHIRFDO
GLDPHWHURIP+HUHDURRWFRQYH[LW\)LJXUHEDSSHDUVIRUDOOWUDYHOVSHHGV
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)LJ'HYHORSPHQWRIDPHOWVWUHDPDWWKHERWWRPZLWKLQFUHDVLQJIHHGUDWHDWdf PDQGP :DPPVSUHKXPSLQJE
PPVVWDUWRIKXPSLQJFPPVKXPSLQJUHJLPH
URRWFRQYH[LW\
URRWFRQFDYLW\
D
E
F
FORVHGPHOWVWUHDPDWWKHERWWRP
YHU\HORQJDWHGRSHQNH\KROH
GHYHORSPHQWRIPHOWEULGJHV
,QFUHDVLQJIHHG
W
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)LJXUHUHYHDOVDFKDQJHRYHUIURPDQHORQJDWHGNH\KROHZKLFKLVRSHQDWWKHUHDU)LJXUHDWRDVWUHDPDW
WKH ERWWRP RI WKH VKHHWZLWK LQFUHDVLQJ IHHG UDWH %HIRUH WKH FRQWLQXRXVPHOW VWUHDP DW WKH ERWWRP RI WKH VHDP
)LJXUH  F DSSHDUV D EULGJLQJ HIIHFW )LJXUH  E RFFXUV 7KH IDFW WKDW WKH URRW LV IRUPHG GXH WR WKH IOXLG
G\QDPLFV WKH VOLJKWO\ XSZDUG RULHQWHG ERWWRP VWUHDP FDXVHV D FKDQJH LQ URRW IRUPDWLRQ IURP FRQFDYLW\ WR
FRQYH[LW\
7KHVFKHPHLQ)LJXUHLOOXVWUDWHVWKHFRUUHODWLRQEHWZHHQIURQWDQJOHĬDQGWKHDEVRUEHGLQWHQVLW\RIWKHODVHU
EHDP 7KH ODVHU EHDPZLWK WKH IRFDO GLDPHWHU df VWULNHV WKH WLOWHG IURQW ZLWK LWV LQWHQVLW\ 7KH WRWDO LQWHQVLW\ LV
DEVRUEHG LI WKH GLVWDQFH x HTXDOV WKH IRFDO GLDPHWHU df ,I WKH GLVWDQFH [ LV VPDOOHU WKDQ WKH IRFDO GLDPHWHU WKH
DGGLWLRQDOSDUWRIWKHLQWHQVLW\HYDSRUDWHVWKHERWWRPVWUHDP,QIDFWRQO\WKHVLGHVWUHDPVUHPDLQWRIRUPWKHZHOG
VHDP)LJXUHD
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)LJ6LPSOLILHGVFKHPHRIWKHLQFLGHQFHRIWKHODVHUEHDPLQGHSHQGHQF\RIWKHIURQWDQJOHĬ.
,QFUHDVLQJWKHIHHGUDWHFDXVHVDUHGXFHGIURQWDQJOHĬ:HEHUSDOV7KXVLWLVQRORQJHUSRVVLEOHWKDWWKH
DEVRUEHGODVHUSRZHUPHOWVWKHWRWDOIURQWDQGDERWWRPVWUHDPUHPDLQV)LJXUHF)XUWKHUPRUHWKHGHVFULEHG
KXPSIRUPDWLRQDWWKHUHDUHQGH[KLELWVDGLIIHUHQWPHFKDQLVPLQFRPSDULVRQWRODVHUPDFURZHOGLQJ7KHJURZWKRI
WKHKXPSGLVFXVVHGLQ%HUJHUHWDOLQGLFDWHVD'KHDWFRQGXFWLRQ+HQFHDWLOWHGUHJLRQZKHUHWKHVWUHDP
LVGHIOHFWHGXSZDUGVH[LVWV7KLVUHJLRQLVHVWDEOLVKHGWRKDYHDQLPSRUWDQWLPSDFWIRUWKHIRUPDWLRQ'XHWRWKH'
KHDWFRQGXFWLRQWKHWZRVLGHVWUHDPVFRQYHUJHDWWKHUHDUHQGDQGSLOHXSZLWKRXWWKHLQIOXHQFHRIDWLOWHGGHIOHFWLRQ
]RQH,QRXUFDVHWKHPHOWVWUHDPFRPLQJIURPWKHWLOWHGIURQWPXVWLPSO\DQXSZDUGVPRPHQWXP$FFRUGLQJWRWKH
KLJKVSHHGLPDJHVWKHH[LVWHQFHRIWKHERWWRPVWUHDP)LJXUHFLVQRWQHFHVVDU\IRUWKHRFFXUUHQFHRIKXPSLQJ
EXWLQGLFDWHVDQLQIOXHQFHRQWKHURRWIRUPDWLRQ
2.1. Dependency of the humping threshold on the focus diameter  
)LJXUHGHPRQVWUDWHVWKHFKDUDFWHULVWLFVRIWKHKXPSLQJOLPLWDVWKHIRFXVGLDPHWHULQFUHDVHV7KHUHVXOWVIRUWKH
SRZHUOHYHO:RIWKHVSRWVL]HVPXQGPDUHPDUNHGWUDQVSDUHQWO\,QFRQWUDVWWRWKHVSHFLPHQVWKDW
H[SHULHQFHGRWKHUSURFHVVSDUDPHWHUV WKHVHVSHFLPHQVDUHRQO\SDUWLDOSHQHWUDWLRQZHOGV+RZHYHUDQLQFUHDVHRI
WKHKXPSLQJOLPLWFDQEHDFFRPSOLVKHGZLWKWKHVHSDUDPHWHUV

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
)LJ&ULWLFDOIHHGUDWHIRUGLIIHUHQWPHOWIORZUHJLPHVLQGHSHQGHQFHRQODVHUSRZHUDQGIRFXVGLDPHWHUDWDFRQVWDQWIRLOWKLFNQHVVRIP
IRUVWDLQOHVVVWHHO
7KHFULWLFDO IHHG UDWH IRU WKHRQVHWRIKXPSLQJJHQHUDOO\ LQFUHDVHVZLWK WKH IRFXVGLDPHWHU7KLV HIIHFW LV DOVR
H[DPLQHGE\+LUDPRWRHWDODQG*UDW]NHHWDO%RWKSXEOLFDWLRQVLQGLFDWHDQLQIOXHQFHRIWKHIRFXV
GLDPHWHUDQGKHQFHRIWKHZLGWKRIWKHZHOGVHDPRQWKHKXPSLQJLQVWDELOLW\
2.2. Dependency of the humping threshold on foil thickness and laser power  
7KHFULWLFDO IHHG UDWH IRU VWDLQOHVV VWHHOGHFUHDVHVZLWK WKH IRLO WKLFNQHVV7KLV HIIHFW LV LOOXVWUDWHG LQ)LJXUH
+RZHYHU E\ UDLVLQJ WKH ODVHU SRZHU D VOLJKW GHFUHDVH LQ FULWLFDO WUDYHO VSHHG LV REVHUYHG ZKLFK LV LQ JRRG
DFFRUGDQFHZLWKWKHILQGLQJVLQ1HXPDQQHWDO
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)LJ&ULWLFDOIHHGUDWHIRUGLIIHUHQWPHOWIORZUHJLPHVLQGHSHQGHQFHRQODVHUSRZHUDQGWKHIRLOWKLFNQHVVDWDFRQVWDQWIRFDOGLDPHWHURIP
IRUVWDLQOHVVVWHHO
6LPXODWLRQ0RGHO
7KHPXOWLSK\VLFDOVLPXODWLRQPRGHOGHYHORSHGDW WKH789LHQQD LVEDVHGRQ WKHRSHQVRXUFHVRIWZDUHSDFNDJH
2SHQ)2$0 7KH PDLQ SXUSRVH RI WKLV SDFNDJH LV WKH VLPXODWLRQ RI IOXLG G\QDPLFDO SKHQRPHQD 7KH ILQLWH
YROXPH DSSURDFK LV XVHG IRU WKH VROXWLRQ RI V\VWHPV RI FRXSOHG SDUWLDO GLIIHUHQWLDO HTXDWLRQV 7R UHGXFH WKH
SDUWLDOSHQHWUDWLRQ
SDUWLDOSHQHWUDWLRQ
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FDOFXODWLRQ HIIRUW DXWRPDWLF DGDSWLYH WLPH VWHS FRQWURO DQG DGDSWLYH UHPHVKLQJ VWUDWHJLHV DUH LQFRUSRUDWHG
)XUWKHUPRUHWKHFRGHLVIXOO\SDUDOOHOL]HGHQDEOLQJWKHFRPSXWDWLRQRQPXOWLSOHSURFHVVRUV
7R GHDO ZLWK ODVHU SURFHVVHV OLNH HJ ODVHU EHDPZHOGLQJPRGHOV IRU VHYHUDO SK\VLFDO SKHQRPHQD KDG WR EH
LPSOHPHQWHGLQWKHXQGHUO\LQJVRIWZDUHSDFNDJH7KHEDVLFSULQFLSOHVRIWKHGHYHORSHGPRGHODUHGHVFULEHGLQ2WWR
HWDODQGDUHUHSHDWHGKHUHEULHIO\
7KH SURSDJDWLRQ RI WKH ODVHU EHDP WR WKH ZRUN SLHFH WKH LQWHUDFWLRQ RI WKH ODVHU EHDP ZLWK WKH PDWHULDO
DEVRUSWLRQUHIOHFWLRQWUDQVPLVVLRQFRQGXFWLYHUHVSHFWLYHO\FRQYHFWLYHKHDWWUDQVIHUDQGWKHIOXLGIORZLQWKHPHOW
DQGWKHVXUURXQGLQJPHGLXPDUHLPSOHPHQWHGLQWKHPRGHO)XUWKHUPRUHSKDVHWUDQVLWLRQVIURPVROLGWROLTXLGDQG
IURPOLTXLGWRYDSRUDUHWDNHQLQWRFRQVLGHUDWLRQ7KHIUHHVXUIDFHRIWKHPDWHULDOLVFRPSXWHGE\PHDQVRIDYROXPH
RI IOXLG 92) DSSURDFK LQFOXGHG LQ2SHQ)2$07RGHDOZLWKPXOWLSOHPDWHULDOV DPXOWLSKDVH VROYHU DOUHDG\
DYDLODEOHLVXVHGDVDEDVLVDQGZDVH[SDQGHGWREHDEOHWRKDQGOHSKDVHWUDQVLWLRQV)RUHDFKPDWHULDOWREHWDNHQ
LQWRFRQVLGHUDWLRQDWOHDVWWKUHHGLIIHUHQWVWDWHVDUHLPSOHPHQWHG7KHVHDUHWKHVROLGWKHOLTXLGDQGWKHYDSRUVWDWH
(DFKRIWKHVHVWDWHVLVKDQGOHGDVDVHSDUDWHSKDVHZLWKLQWKHVROYHU,IHJDSKDVHWUDQVLWLRQIURPOLTXLGWRYDSRU
WKXVHYDSRUDWLRQWDNHVSODFHOLTXLGSKDVHLVDQQLKLODWHGDQGYDSRUSKDVHLVJHQHUDWHG
)RUHDFKRIWKHGLIIHUHQWVWDWHVRIWKHPDWHULDOLWLVSRVVLEOHWRGHILQHWHPSHUDWXUHGHSHQGHQWPDWHULDOSURSHUWLHV
7R WDNH WKHH[SDQVLRQDQGFRQWUDFWLRQGXULQJ WKHSKDVHFKDQJHV LQWRFRQVLGHUDWLRQDFRQFHSWRI UHODWLYHGHQVLWLHV
ZDVGHYHORSHGWKDWDOVRWDNHVLQWRDFFRXQWFRPSUHVVLELOLW\(DFKSKDVHKDVDFHUWDLQGHQVLW\DWQRUPDOFRQGLWLRQV
WKDW FDQ EH FDOFXODWHG RU JLYHQ DV YDOXH LQ DGYDQFH 7KLV GHQVLW\ LV DFFRXQWHG IRU DV WKH QRUPDO GHQVLW\ )RU
HYDSRUDWLRQ WKHQRUPDOGHQVLWLHVRI WKH LQFRUSRUDWHG OLTXLGDQGYDSRUSKDVHDUHGLIIHUHQWE\RUGHUVRIPDJQLWXGH
7KXVWKHYDSRUSKDVHLVVWURQJO\FRPSUHVVHGLQLWLDOO\DQGWKHUHODWLYHGHQVLW\YDOXHZKLFKLVWKHUDWLREHWZHHQWKH
DFWXDO GHQVLW\ DQG WKH QRUPDO GHQVLW\ LV FRQVHTXHQWO\ YHU\ KLJK %DVHG RQ WKH UHODWLYH GHQVLW\ ZH DUH DEOH WR
FDOFXODWH HJ WKH YDSRU SUHVVXUH ZKLFK FDXVHV WKH DFFHOHUDWLRQ DQG WKLQQLQJ RI WKH YDSRU DQG RI FRXUVH WKH
DFFHOHUDWLRQRIWKHPHOWGXHWRWKHUHFRLOSUHVVXUH
7KHDPRXQWRIPDWHULDOXQGHUJRLQJDSKDVHFKDQJHLVFDOFXODWHGE\PHDQVRIDPHWKRGGHYHORSHGE\9ROOHUHWDO
LQWKHFDVHRIPHOWLQJDQGVROLGLILFDWLRQ7KLVDSSURDFKLVTXLWHVLPSOHWRLPSOHPHQWDVRQO\WKHORFDOHQHUJ\
ZLWKLQWKHPDWHULDOLVQHHGHGWRGHULYHWKHORFDOUDWLRRIOLTXLGDQGVROLGPDWHULDOEDVHGRQWKHODWHQWKHDWRIPHOWLQJ
)RU HYDSRUDWLRQ DQG FRQGHQVDWLRQ WKH &ODXVLXV&OD\SHURQ HTXDWLRQ LV XVHG DV H[SODLQHG HJ LQ 6FKRRQGHUEHHN
)LJXUHJLYHVDVLPSOLILHGRYHUYLHZRQWKHPRGHOGHVFULEHGDERYHDQGXVHGIRUWKHVLPXODWLRQVVKRZQLQ
WKHIROORZLQJVHFWLRQ)XUWKHUGHWDLOVRQWKHVLPXODWLRQVRIWZDUHDUHJLYHQHJLQ2WWRHWDODQG
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)LJ2YHUYLHZRQWKHPRGHOXVHGIRUVLPXODWLQJODVHUPDWHULDOSURFHVVLQJ
)UHVQHODEVRUSWLRQ
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6LPXODWLRQUHVXOWV
,QSULQFLSOHWKHGHYHORSPHQWVLPXODWLRQPRGHOLVFDSDEOHIRUGHDOLQJZLWKDQ\NLQGRIODVHUPDWHULDOSURFHVVLQJ
WKDWLVJRYHUQHGE\WKHSK\VLFVDOUHDG\LPSOHPHQWHG1DPHO\RQHFDQVLPXODWH
 ODVHUEHDPZHOGLQJ
 ODVHUEHDPEUD]LQJ
 ODVHUEHDPGULOOLQJDEODWLRQDQGVFULELQJZLWKODVHUSXOVHV!QV
 ODVHUEHDPFXWWLQJ
ZLWKRXWPRGLI\LQJ WKHPRGHO RQO\ E\PHDQV RI DGDSWLQJ ERXQGDU\ FRQGLWLRQV DQG GHILQLQJ DSSURSULDWH ODVHU
SDUDPHWHUV&XUUHQWO\ZHDUHZRUNLQJRQWKHLPSOHPHQWDWLRQRIPRGHOVIRUWKHVLPXODWLRQRIXOWUDVKRUWODVHUSXOVHV
DQGIRUDGGLWLYHSRZGHUEDVHGSURFHVVHVOLNHODVHUFODGGLQJRUODVHUPHOWLQJ
$VUHVXOWRIWKHVLPXODWLRQVLWLVSRVVLEOHWRWUDFHWKHODVHULQGXFHGPHOWDQGYDSRUIORZDOORZLQJXVWRWKRURXJKO\
LQYHVWLJDWH WKH SURFHVV G\QDPLFV 7KLV DJDLQ DOORZV WKH LGHQWLILFDWLRQ RI UHDVRQV IRU SURFHVVLQJ IDLOXUHV OLNH
KXPSLQJDQGWKXVKHOSVWRILQGVWUDWHJLHVWRDYRLGWKHP
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)LJ+XPSLQJDSSHDUDQFHIRUIRFXVGLDPHWHUPWRSDQGPERWWRPERWKLQH[SHULPHQWDQGVLPXODWLRQ
)RUWKHVLPXODWLRQVVKRZQKHUHWKHVDPHODVHUSDUDPHWHUVDVLQWKHH[SHULPHQWVDUHXVHG7KHVKHHWWKLFNQHVVLV
NHSWFRQVWDQWDWPWKHIHHGUDWHLVPVDQGWKHODVHUSRZHU:
)LJXUH  VKRZV ILQDO UHVXOWV IURP VLPXODWLRQV ZLWK IRFXV GLDPHWHU RI  P DQG  P LQ FRPSDULVRQ
H[SHULPHQWDOO\GHWHUPLQHGVXUIDFHSURILOHVIRUWKHUHVSHFWLYHFRQGLWLRQV)RUERWKSDUDPHWHUVWKHIUHTXHQF\RIWKH
VLPXODWHGKXPSVDQGWKHLUKHLJKWFRUUHODWHZHOOZLWKWKHH[SHULPHQWDOO\REWDLQHGUHVXOWV:LWKLQFUHDVLQJVSRWVL]H
WKHKXPSIUHTXHQF\GHFUHDVHVZKHUHDVWKHKHLJKWRIWKHKXPSVNHHSVPRUHRUOHVVFRQVWDQW
,QILJXUHWKHWLPHHYROXWLRQRIDVLQJOHKXPSLVGHSLFWHG7RGLVWLQJXLVFKEHWZHHQPROWHQDQGVROLGDUHDVWKH
WHPSHUDWXUHILHOGLVGLVSOD\HGLQJUH\VFDOHYDOXHVIRUWKHVROLGVWDWHDQGLQFRORXUVFDOHYDOXHVIRUWKHOLTXLGVWDWH
$W WKH LQFOLQHG DEVRUSWLRQ IURQW WKHPHOW LV REYLRXVO\ DFFHOHUDWHG XSZDUGV GXH WR GUDJ IRUFHV RI HYDSRUDWLQJ
PDWHULDO,I WKHVHIRUFHVDUHWRRKLJKWKHOLTXLGPDWHULDOZLOO OHDYHWKHNHUILQIRUPRIGURSOHWV7KLVUHVXOWVLQWKH
ZHOONQRZQDEODWLRQFXWWLQJSURFHVV)RUWKHSDUDPHWHUVJLYHQKHUHWKHPHOWNHHSVLQVLGHWKHNHUIDQGDSURQRXQFHG
PHOWVWUHDPDORQJWKHVLGHZDOOVRIWKHNHUIGHYHORSV'XHWRUHVROLGLILFDWLRQDWWKHVLGHZDOOVWKHJDSEHWZHHQERWK
VLGHVUHGXFHVDQGWKHPHOWVWUHDPVIURPERWKVLGHVRIWKHNHUIPHHWUHVXOWLQJDWILUVWLQPHOWEULGJHVWKDWKDYHEHHQ
GHVFULEHGEHIRUHVHHILJXUH$IWHUWKHUHXQLRQRIERWKPHOWVWUHDPVWKHPHOWUHVROLGLILHVVWDUWLQJIURPWKHERWWRP
DVWKHUHLVFROGHUPDWHULDORQERWKVLGHRIWKHPHOWZKHUHDVDWWKHWRSZHPDLQO\KDYHKHDWFRQGXFWLRQWRWKHDLUDQG
WRWKHXQGHUO\LQJPHOW
6LPXODWLRQ
([SHULPHQWDOVXUIDFHSURILOH#IRFXVGLDPHWHUP
([SHULPHQWDOVXUIDFHSURILOH#IRFXVGLDPHWHUP
6LPXODWLRQ
>ĞŶŐƚŚŝŶŵŵ
>ĞŶŐƚŚŝŶŵŵ
P
P
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)LJ7LPHHYROXWLRQRIDVLQJOHKXPSIRUIRFXVGLDPHWHUP
'XHWRWKLVHIIHFWWKHPHOWLVDFFHOHUDWHGXSZDUGVE\PHDQVRIWKHUDPSOLNHVWUXFWXUHRIUHVROLGLILHGPDWHULDODW
WKH HQGRI WKHPHOW SRROZKLFK LQLWLDWHV WKHKXPSJURZWK$W WKH VDPH WLPH WKH UHVROLGLILFDWLRQ IURP WKHERWWRP
SURFHHGVOHDGLQJWRDPHOWWKLQQLQJDWWKHWRSVHHILJXUHWRSPRVWSLFWXUH7KHUHVXOWLQJERWWOHQHFNEDQNVXSWKH
PHOWDQGDQHZKXPSVWDUWVWRJURZXQWLODQHZERWWOHQHFNGHYHORSVLQIURQWRIWKLVKXPS
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)LJ+XPSLQJOHQJWKIRUIRFXVGLDPHWHUPWRSDQGPERWWRP
SUHYLRXVKXPS
DEVRUSWLRQIURQW
PHOWEULGJHV
PHOWWKLQQLQJ
QHZKXPS
UHVROLGLILFDWLRQUDPS
KXPSLQJOHQJWK
KXPSLQJOHQJWK
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7KHGLVWDQFHRI WKHKXPSVDQG WKXV WKHKXPSIUHTXHQF\GHSHQGVRQ WKHGLVWDQFHEHWZHHQ WKHDERYHGHVFULEHG
UHXQLRQRI WKHPHOW VWUHDPVDQG WKHPHOW WKLQQLQJDUHD:HFDOO WKLVGLVWDQFH WKHKXPSLQJ OHQJWK2EYLRXVO\ WKLV
KXPSLQJOHQJWKGHSHQGVQRWRQO\RQWKHPHOWSRROOHQJWKEXWDOVRRQWKHRSHQDUHDEHKLQGWKHDEVRUSWLRQIURQWWKDW
PD\ DOVR EH FDOOHG DQ HORQJDWHG NH\KROH:LWKLQ WKLV KXPSLQJ OHQJWK WKH KXPS PD\ EXLOG XS 7KH ORQJHU WKH
KXPSLQJOHQJWKWKHOHVVLVWKHKXPSLQJIUHTXHQF\ZKLFKLVLQJRRGFRUUHODWLRQZLWKWKHH[SHULPHQWDOREVHUYDWLRQV
VHHILJXUH
6\QRSVLVDQGRXWORRN
3UHUHTXLVLWH IRU WKHRQVHWRIKXPSLQJ LV DQXSZDUGRULHQWHGPHOW VWUHDP7KLVPHOW VWUHDPRULJLQV LQRXU FDVH
IURPWKHGUDJIRUFHVRIWKHGXHWRWKHLQFOLQDWLRQRIWKHDEVRUSWLRQIURQWXSZDUGRULHQWHGVWUHDPRIPHWDOYDSRXU
,QRWKHUFDVHVHJIRUWKLFNVHFWLRQZHOGLQJWKLVXSZDUGVWUHDPPD\DOVREHLQGXFHGE\WKHVRFDOOHGSLVWRQHIIHFW
'XHWRWKLVVWUHDPQRWRQO\PHOWEXWDOVRKHDWLVWUDQVSRUWHGXSZDUGVZKLFKUHVXOWVLQUHVROLGLILFDWLRQVWDUWLQJIURP
WKHERWWRPIRUPLQJWKHGHVFULEHGUHVROLGLILFDWLRQUDPS,QWKHFDVHRIIRLOZHOGLQJDOVRWKHUHGXFHGKHDWORVVHVDWWKH
FRQYH[WRSRIWKHZHOGVXSSRUWWKHIRUPLQJRIWKLVGHFLVLYHUDPS
,QIXUWKHUVLPXODWLRQVZHZLOOH[DPLQHWKHWUDQVLWLRQEHWZHHQVPRRWKGHHSSHQHWUDWLRQZHOGLQJDQGKXPSLQJWR
IXUWKHUH[SODLQWKHH[SHULPHQWDOREVHUYDWLRQVVKRZQLQVHFWLRQRIWKLVSXEOLFDWLRQ+RZHYHUIURPWKHFXUUHQWSRLQW
RIXQGHUVWDQGLQJWKHIROORZLQJVWDWHPHQWVFDQDOUHDG\EHJLYHQ
x 7KHKLJKHU WKH IHHG UDWH WKH VPDOOHU WKH LQFOLQDWLRQ DQJOH RI WKH DEVRUSWLRQ IURQW VHH ILJXUH 7KXV WKH
XSZDUGPRPHQWXPRIWKHPHOWLQFUHDVHVZLWKKLJKHUIHHGUDWHDQGWKXVWKHWHQGHQF\IRUKXPSLQJZKLFKLV
WUXHIRUDOOSDUDPHWHUVXQGHUH[DPLQDWLRQ
x 7KHVPDOOHU WKHIRFXVGLDPHWHU WKHVKRUWHU WKHKXPSLQJ OHQJWK7KXVZHDOVRQHHG OHVVPDWHULDO WRIRUPD
KXPS)XUWKHUPRUHWKHGUDJIRUFHVDUHUHGXFHGDVWKHHYDSRUDWLRQSUHVVXUHDWWKHDEVRUSWLRQIURQWGHFUHDVHV
ZLWK ORZHU LQWHQVLW\ $GGLWLRQDOO\ WKH GUDJ IRUFHV RQ WKH VLGH ZDOOV RI WKH GHYHORSLQJ NHUI DUH UHGXFHG
7DNLQJ DOO WKHVH HIIHFWV LQ FRQVLGHUDWLRQ WKH RQVHW RI KXPSLQJ LV VKLIWHG WRZDUGV KLJKHU YHORFLWLHV ZKHQ
LQFUHDVLQJWKHIRFXVGLDPHWHUVHHILJXUH
5HIHUHQFHV
%HFN0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/HLW].+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0DWHULDO3URFHVVLQJ3K\VLFV3URFHGLD9ROXPH3DUW$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